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CCraXLTiVjay HEAMKC! a flUPTEHHfflraRH OIL SHUS 'JO 
CKtotB PEBMEABILm ANU SIBSFCUWTCLY PBOCCCC OIL 

This i.Tiveaxtlon rQloteis -to ra-7cwf».H ng' o:i]. fxom a subterranean 
oil stialti by msann of a ocavSustiw? heat drw-a pmn&jjs, .Stoxe 
l»rticularly , tiia iavtaitioa relates to trcatiiiij a rala.t.i^'ely thi.ckf 
and substantially catt>letEily inpRineable siilJtorriufican oil ehale by 
naans of a. confliictive boating ptoaaaB which both creates a 
perrasablfi iione within a aelectfid portion of the ail shale ancl 
i3ub99que»tly ptodusKB shale oil liydroceurbaQS. 

A psrrasabilifcy-aldad type trf conductive! heat drlw fbr 
producijig oil fran a sutobsrraneari oil ahaie iiwentaS in Sweeten 
ly V .I,-)\irJ3&traEia. That proc»sa, which wa:} inxiented abont 40 years 
ago, was cotiwarcially nesA an a aroil scale iu ttoo 195tis. it is 
deac:i.-ibaL-i in Swedish Pat&nts No6« 121,737) 123,136; 123,137; 
123,138; 125,712 an.i 12«,674, In Uhtted Btataa Patent to. 
2,732,i9&, and in jonrnal articles such as: "OndargrooreS SJale Oil 
Pj'rolyslB According to the loungstroom MathcxS", IVR Vblune ?.d 
(1953} to. 3, pagas llfi to 123, and "Net Busrgy Focovories For The 
in Sita nielectric Hoatlng o£ oil shale", oil Shaie Sj.ni»5iuni 
Piooaodlngs 11, psja 311 to 330 <1978). Id the SA^diah pa-ooaaa, 
l'«at iji-jecelon vrcOls andt fluid ptoaucing wslls were oonplated 
within a penreable near-wirfaco oil ahale ftjiniation *> that tliero 
v.ia8 l££s than a threa-oetre separatlca hetwosn the borehalea. The 
Iiaat injectiOH wells were equipped with electrical or othsr haatLng 
alxittioiits tvJilch mra anxiDuiuaai by a mass of tnaterial, stxh aa eand 
or cBraent, arrangKl to txtmsalt haat iato tha oil shale while 
Sacewentiiig any ioElaiansi or outflcwiug of Cluid. In the oil ahale 
for which tite SMidi&h prooass warn a^a^gn^d aivd tsstsd, tha 
pertneabiJity was such that, due to a cratinBawa inflating of ground 
feiatar, a contixuKxw ponping-oat of WLtsr xras ass^ to avoid 
♦Kietir^r energy by ewaporatliig tl»t water. 

With leapast tn aubatanteially ooopletoly Liqxintisahle, 
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1-H.latively cfeap and jjjlaLively tiiicrk oil sliale tteposits, such as 
t)»B« in the Piceance Ila.li.n ilt t±iB ani<»3 StatOis, the possriMlity 
t>£ iitiiizjng a ooiuluutiwo ^watlug luoosus fnr pirotSUfrliiq oil was 
prpvictifily oaisictorwl to be — aooardbtg to prior tej«iiir<jB and 
belieis — «vnnoau.caLly urjfeaaihie. Por exairpln, in the 
ahcwe-idontified 04. 1. Sl»lo S/JuxaBium, the Ljun^afcnsm imxcss ia 
cteractftri^cd as a proaeRif whirfi "-,,miccessluliy zeaovRriKl ;3lwlo 
oil by raifeeddijQg tiibular elacuricai heating elnnsarts within 
higli-gratfe shale depoaits. Eiia meliicd relied on ordiraiy tliannil 
diffusion for ah^le hoatirig, which, oi oourae, rEcjuites laitju 
•tenperaUirQ grsdienta. 'Jiius, heating tus very i>uij-unifanoj_ mmtho 
ware rHquired to fully istori:. ainall nian-»ize hlocks of ahale. 
Also, KUdti iMsat energy was waatad in undtrtieatiTig tlie ohaie nsginrfl 
Tcejcarl tha periphery of tlie retnctjpg ?c*ie and overheaUiJig the 
slialB Closest to tive. heat souroe. The. latter prcJbltan Ih eRpecially 
iiipoi-tant ill bhe oa&e af T^V>•>usn^ clialHs, aincse U'jtaated *snax-qy i.a 
cwerhaated zanen, cannot 1» fully rocorerad by diHujd.an duo to 
cndothortnie rpactions whidi take pl^sce above abyjt $00 "C," fpsK^ 
313). 

I« ^utiatantially iiipETroable tSfpea of relatively thick 
eulitarraTiean oil shale foomiations, tha creating and mmitoinin? of 
a pttriDcMabia taas iJrjwagh whieli the p^'rolysiu pcoducta can be flowed 
lias been found to ba a jievere prdjiam. In uf5 vabeat No- 3,468,376, 
it ie stated (in oola. 1 and 2J that "Wiere ar« two jasdieBitsms 
Inwolved ia the transport of beat tJiroagli the oi± aliale, Hsat is 
trarvsferrod through the aolid naee of oil shale hy cooduotion. ^'{•nn 
hciat is alao traiiaferrod by oanvecfcion tJurough tha solid iraas of 
oil Bhate. 'ite tranadiEr of heat b>» oauJuDtion ia a relativcily alow 
process. The aweraga ChetMiil oandurtSwjty and avtizoge thenaal 
diffasivity of oil shal« are aJxjut thoaa at a firetorlc):. iha cnatrix 
of anljd oil shale bas an extreoely low permsabiUty nucjh lite 
ungltfiad pooreelaj.n. As & jteuult, tha ccjjvcctiva tranrfer of ]»at is 
liiiiit£4d tcj heating by fluid flora obtained in opan channels which 
trRVorse tha oil shale, 'fhoae flow channels may i» natural aid 
artificially induced fractuhso. ... on heatirsg, a layer of 
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pyiolyzfid oil diaie baiWg adj&oetit the cbanrsel. 131X8 laywr i.g aii 
iixargiuiLc inijieral uatrlx whic*\ oont«inii varpnj degnroes of carton, 
•i^ie layor is an evcr-exp-aBdirg Daziler bi heat flew fron the 
heating fluixS in the charmal." The patent is diinnted to a prcxKiw 
for cH rculating heated oil sJwla-'pyTDl.yzlng fluid thit>ugh a f Icjw 
elaanne] **ile adding abrasive i«rticlf>a to t]» einailating fluid to 
erode the layer of pyxt^ij^ort oil Ebi)l» being fonred adjareat to tlio 
cbnir^l. 

AlthD-jgh the theomal extJtUiotivitj' anfl thonnil diffiisivity of 
Jiiany aubterxaiiean oil alales ftre, in f^, rolatiwly amilar to 
t:^,ca!^ of unglajrea porcelain and fircLtick, US Patent »& 3,237,689 
FoatMlatos that "a rapid aA'jince of a Jioat fiont" (CoJ.. 3, li™ 7) 
can be obtained by exchangang haat betMeen ths oil shale aiv3. a 
nucieai- i-eacbor cnolitig f luiol and dBBcri.be3 syctems for iwing such 
reactOTB eitheg? located on th- earth's surface or In tlu? oil abale 
deposit. 

lis Patisot No. 3,2fW,2Sl tstty^ (at Ool. i, lines 3-21), "ihe 
prc«j»cfcion o£ oil fjom oil shale, h>' Heating the ahale by various 
cnaame g«ch as ... an ela.7trical retiiatancse heater ... has been 
atteitiMifid with littla £ucv:efln. . . . Ecacturing cl ti>e shalo oil 
prior to the application of beat thereto by in sita ooi*u3tici:i or 
other means has been practised witli littla success I^csuhb the 
shale swells upon luaating with oonsequent portial. or oonplete 
olosuro of the fracturo". The pateatt describes a pEnceae of 
aBqiiantially heating (and daus svtelling) the oil shale, then 
injeatinj fluid to hardraulically fracture the tmcdlen gbale, then 
repeatnaTg tJioaa stepe until a lisat-Btoble fractare has been 
propagated into a prodijotion well, 

i)S Pattjnt Kb. 3,fl55,3B3 deecxihea the aocanittlatlco of 
partially dspLeted oil shale fcagneats within « flow diannel such 
as a horiiciibal fracituro being held cpen by tiie pEsaanre of t]» 
fluid wltMn the channel. The patent Oisclosos that if ths cJrannel 
mof is lifted to saintalJi a flow path abo/e swdi a lay^r of 
depleted chali^, the ok-er lying roanKticas mast he tent and, without 
precautions, will bend to an escttait cauaina frartwes to ex-tend up 
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to tfan iiairfaco o£ the aartli. Ttic patent it> (lirKCtexi to a prooeA? of 
intennitteniJy rocluoin? the pce99Urc on the fluid wKMn sucti i»a 
fracture to dllcw tha weight a£ tm oveHaurdsn to c-msii and oomjiaai 
the layer of dspleted sAale. 
5 rn a si<jnif leant i^rti.on «£ eukBtantia:i.1y jinpenaeable aiv3 

ccilativelv thioJc oil sfaalft depcisite. »ucdi aa tbsse In the Pioaance 
Basin, a valuable resouroa at almtuiiuBi is pmesnt in ths lortn of 
dawsonite. In us Patent Ho. J,389>97S, dlrecteii to reoovotiijg 
aluminiun valoea from retorted oil staaleij which have been rained oat 

l(} fzom such depcfiltii, it le pointed out tK^t> in a substimtlal 

absanoe of water» at tf»(]eratur«3 of aboat 1300 the daMfiordts la 
oonvcEtfid to cr^'ittalline fiodiisn aluicdivato. Such a water- Crae 
retorCing can daocn^ose dolonlte in ±hs shale, to pioduce rarboi^ 
iiax.L6e, calclte, and TOgnsslum oxide so that nagcieaiuin oxide 

]S caiblnea witb part of the aixioon diaidde in tba Altaic, in a. taamer 
pcxmLtting a higher reoo^xery o£ the aluminluid valuaa ty H loacl^ay 
process. US Patent Ho< 3^502,372, dixeoted to ubllLxing solution 
mnii]9 to recover daweonifact IndlcatBa that Khars tho pyzolyivifi in 
effected an aQuauua flnid. sudi as ateam or the prodiscte of 

2a m^rqraoBi ocnlsusblon, It xmet ccnductod at a Itv terqperaturi> 
and tlTiis mlatively slnrlyi to avoid ootmerting tlic daiMinnite and 
otbsv soluble alumlniuBii ooopoancls to an insoluble matcrlnl such &a 
analcittt. In OH Patent lb. 3,572,838, a similar relatis'ely lew 
teo^Viratura pyxolyiiiB le altoenated with infections of an aqueous 

25 altaline fluid oontai^dn? an add-insoliible chelating agent to aid 
ill leaching dasireanite witiiout £0Eir9.T]9 sudi insoliiblg naterials. 

I!he piesont invention celates to a peoceoa for oonductively 
lisating a acbterranewx oil shale fiomstian in a mamex arranged tor 
(xcoducuig oil fzotn a eobterraneBn oil shalo foq^ticn \«hich i6, 

y) initially, oubstantialiy in^nnsable. m acoardawe «ith this 
iircentioa, tJie portion of oil ahale deposit to be txeated is 
£ielacti£}, on the feasi» of tib& variatioQS vitii depth in the 
cntfioeitlon an proportiee of its ocraponente, to t\avc pcopartiea 
capable of intexactin^ in a imnncr which enhanccA tivi imifomdty of 

3^ the heat fxa)\t& to an extent liji'ltiiig tba tine and a^exgy 
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oxpeadliurfift prQduclng thci olL to vaLu«fe equivalent to less Chan 

the value «£ the all uhicll 19 proi3vic«'d. The ae lection of the 

treatnent interval i» ba««d on the 9rKd« and thlcknevft e£ the 

jkortian o£ oil shale deposit to b« tceated and the enhancaniint it 

provides anvountB to reducing tba aAount o£ beat anergy lost dua to 

exotherttic 9lde roactions and increasing the anotrnt of oil 

recov&rad fron a <}lvon grade oi oil shale. 

It> accordance with this Invention at least two valle are 

completed Into a sabterzanaan oil ahale treatment interval vblch 

10 la flubatantially inpezmeabla, contains Bu^atantially no uobila 

water, is at leant about 30 b thick, is oapaMe o£ confining fluid 

at pcoeetta pxeaevre, at leabt sMbBtantially vn,thln the treatnaitt 

interval, and oonia-lnn a pradc and thickness of oil shale suoh 

that the avsraga grade in gallons ot oil plus gas aqnivaleot 

ton by Fisoher Airaay la at le&et ataoat 10 and the product of th* 

{trade tlniea the thieluieaa in netraa of the oil shala la at least 

about 300. 

Thus, the present invention provides in a process in 
which oil Is produced tvom a subterranean oil shale deposit by 
20 axtendiag at least one each ot heat-injecting and fluid-producing 
irells into the deposit, establishing a heat^eonductive tluid" 
Iwpemaable barrier bdttreen ibe interiex of each heat- injecting 
itell and th« adjacent deposit, and then heating the Interior oC 
each heat-ln^actlng veil at a tamperatoze sulllclent to 
conductive ly heat oil ahale kerogan and cause pyrolysia products 
to form fraetvres within the oil shale deposit through which the 
pyrolyais products are displaced into at least one production 
wall, an laprovemant for enhancing the unitoruity of the heat 
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Cronts uoviag tJirouftfa the oil sbail« deposit, which conprlsest 
dec«nnlnin9 vartatioQq wltb dapth in the cosipotiition and 
propartles o( th« oil sbal« deposit; 

completing said h«at-in jeotlog and iluld-pTOducln? trella 
sBlectlvoly into a treatuAnt interval of oil shale in wbich 
the oil shal* deposit (a) is at least tbout 30 m thick, (b) 
io BUbstautlally impetnaable a,nd free of mobile vater, 

hae « coiaposltioA stid thldcnesB such tbftt thft product of 
the avezage Plocher Aaaay grade tines ttie thickneta ot the 
treatment interval la at least about 900, and 4d) thereby 
eontalus eonponenta capable of InteractlAg in a manner 
enhancing the unlforinity of a front of conductively 
transnitiad beat^ Mith said wella being arranged go that, 
at laaat subatantlally tbrougbout said treatment Interval, 
the well boreholee are subatan-tiolly parallel and are 
aeparatad by aabatantlally equal dlstaneee o£ at least 
about 6 ID; and 

within the Interior o£ each heat-injecting well inaintalnlng 
en average temperature which, aelectitrely along said 
treatment intarval, la at least about 600*^0, but la not 
high enough to thermally damage aq^ulpment within the well, 
vrliile heat la being transmitted, away from tbe well at a 
rate not significantly faster than thai permitted by the 
th«rjpal conductivities of the earth formations adjacent bo 
the beatftd interval within tbe well. 

In a location in which a subterranean oil shale nay 
contain portions vhlcb axe osnerally suitable for use ae a 
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tx«atmeax Interval (as described abovb) but are ape to taA 
PQrmaa^ed k>y Bubst&atiBliy di,a9onneete4 tiatnxal frac-twres Aiid/or 
plants of weakness as wall as being located naar Jbomxdarles o£ the 
oil recovery pattern ena/or near a potentially active aquifer, the 
operation of the prea«nt protfeea can advantageously ba combined 
with a use of 'guard veils" located near the periphery of the oil 
recovery pattern and/or betveeu a i>roductlon veil and an hQ\xl£9T. 
Such guard veils are extended at least subatantla3.1y throughout 
10 the vertical extent of the treatment intervale and the adjacent 

forMatlons are Initially heated by therual eonductlen in a manner 
similar to that e»plpyed in the haat-injectino wells, except that 
the guard wells are heated at temperatures which are too lou to 
gasify signiSlcant vro^oxtion o£ the oil shale organic conponentB 
but are blgh enough to cause a significant thermal expansion of 
the roch matrix of the oil shale deposit. 

In some instances, it nay be desirable to maintain such 
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reJ.ativcly liaf t«3iper«XHire guard woLL hHattvwu thrcjgtwut at; least a 
3Ut>3taiMaal portioa a£ tl» shale oil reoo\«ecy pccxatia. in othsr 
instaiweB, aftar iSij initial rekJativcly low ttstipBratura heating of 
the 9iu3Tcf ^lls, it raiy be advantageous to li»t. guard fceils at 
aixjut tha twtperaCure oeloabed for the lisat-lnjecting wells, iii 
order to expand the patUacn of woUa frnn which oi; is displaoed by 
Uiexnal OOndllcticn. 

AS used herein xwgardijicr the grade ol tl« portion of oil ehale 
to be txBated* the "average grade in gallons per ton by Fisutjar 
Aseay" reHers to the folloicijig; Tiw dfitttiddnatioci in or 1^ 
e<7aivalcnt to tt dssteuniTiatioci ccoducted sub&toitially an d<sscrlbed 
in ths ASn^ standard l)est Hstiiad ll 3904-60. Cniehed rain ataala is 
asinplai tjy riffle-Bplittlijg. Tha detemiiHtion of tho anoijiit of cjil 
plus gas equivaleiTt availablci- fram ail shale is made by heating tin 
rah' £hal(» from aniiient Cenfteratuic to 500 in cant aiwanivm^ 
allpy retorts. Otoo vapoui» distil].ea froai tltt sanrple are eooletl and 
tha oandensad fraction la collaobRd, The oil and water fractions 
are ttsfarated, ttie rater vdIuim (ODaitsrtad to weidgttb equivalent) Is 
maa&uxed and aobtracted fxan tisei oil plus water weigfat, Vita Mei9ht. 
o£ unoandonsable ^aeeii evolved Igas^lvis-loes] is tiaea calculabed 
by diffierenoe. "Stsz gxade, ns iiaed in tbe "gradb tijnes thickness in 
nerti-ee of oil shale" p(roduct, ie the gallcsw of oil plus 
lydtooajcbon <}&s eqaivalent corra^ianding to the taotal »«iiqht a£ oil 
pluu hydrocarbcn gas £VOl</ed by the heatijigr. 

■Ehe viialle are OCXt(plct«d into tlie treatnent inberval and ar^ 
arraiigod to faxwide at l^Hist one eatSi of haat-injectir>3 and Jiluiii- 
pm>:3ucin9 wslls having boraholas wfaLeb, aQbstantUilLy throughout 
tlyo troatnent iutert'al, are aufaatantially parallol and are 
s^xated by substlantlally equal dietances of at least abOQt i m. 
In eaub l»at-injetstang well, siibstantlally throu^haut the tTsainent 
inrtc^al, tho well-fiurioanding face of tile oil shale f ouuuL iiOn its 
sealed vith a solid mtorlal and/or oeinent which is relaiu.vely bsat 
Ot-widn=ti\« and substantially fluid impemeable. In eac^h fluid- 
pit^ducdng wall, siibiitanCially throughout tJto treatiient interval, 
fluid ocnnianiaatian ia «>stablisbed botHQcn the well bsrehole and 
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tins oil (chale foottnatioti anJ tHe we).!, ig arxa]^gpDa for \ii wincing 
fluid fi-ari th« oil shjdc fomatican. Ttie interira: of each. 
hMt-injBCtin^ vmHi is boated, at laaat abbBtajHriaUy Uitcjghout 
tJie trctttowil intarval, at a rate or rotas capable of (a) 
increasing the tEupersrtore wicJiiii the borehole interinr to at least 
abwjt 600 "C aBd (b) maintaining a borehole interior tmpearatanre of 
at least aJxyjt 600 "C without cawslng it to beccma hic^ ennigh to 
thfjaiiBlly dana^ equtpneait withiji the borehole wht]« t)i* rate tt 
which baat i& generated in ti» borehola ia sob«tantja3 ly equal bo 
that perndtCBd by tha haat aroiucfcivity of the oil bhale foeinrtion. 

In a ptBfjerred entodlAEnt of the presait process, tha. imtftriol 
for soalijig the face of the oil ehale formatinn along the bor^lo 
of at. least ana bfiat-injwrting vroll ia a closed hottnti rasing 
qax&eS bv ccanait arrar^ to f i JJ. substantially all tif the spaix; 
batMEen each outesmoitt iiBtallic" alerrarc prBsenK wlUxln the interior 
of tl» bOirehDle and tbe adjacent faoe of tha oil sh^ile foniBtioi^, 
with said ccarcnt having a thernBl ooi^dDstivity at leftBt 
Biiwtantvally as high as that of the oU shala foraation. 

Detecndnstians art) siadB of variatioiis with depth iii tha 
oocBpiisitioo and prppartias of the oil shale depoeit and, in a 
particularly ppeferwd prtjcedurifl, baaad on th» variation with depth 
in the heat oandustivity of the oil shale daBosit, tha heat- 
iiiriecting visllis gxe ]ifiated so that relativel.y highar ecaperaturos 
am applied at dsptha ad:iaDent to portions of the oil 3hai« dsposit 
in Tiiliioh the haat oandactivity ia relertivcly low. In additioo, or 
alternatively, in varioas altaations, the effective radivs of at 
least ana haafr-in jesting well ia increased by oreatirar an expanded 
portion of the wsU boKolioio imd extending haat-cs»duoting matal 
eJaiients fran vdthin the heated well Inttsrior to naar the q£ 
tlia expanded portion of thQ baeehole. 

TIhe ptleaenb prooesa is valuable for use ftdthio a tmatnent 
inteiirval of oil shalA whicJi oontaijis otlBr valuable iidxteraLi such a? 
dflMsonice and/or nahoalifce. In svtch a situation the praaent piEooeas 
creates a pemcablo leaaa ■nhidh is aelectively located, within tJie 
tTeatmesfit interval and siijetantially within the Jxnindaries of tho 
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wlT pautcm u&<^ ±ar the oil proJucticn. THb resultant poruoahla 
zone is a zona fmn whicb ancih otJier minerals can t» aaLntion^ 
mined. 

In gsTOral, Uie preBBot invention is appli<»blL« ta 
stibetisntially any subtetxwaan oil ahaie aeposit ootoixiing on 
intervid of uubatanHany Jjjpftmteablfe oil ahaJw which is 
3uhaca,ii..tally frco a£ wohils wat«r, is laieti than ahrait 30 to thi.ck, 
and hag «» adequate avera^ gxade tn gallons per too (Pincher 
Assay> to give a gradfl-thidwiSBB panoduct. o« about 900 or greater. 
Ths Average grade of the hMbed ititerval should be qreateo: tJian 
about 10 gallotis par ton rFtseSier assay) . vathin th3» liitiitaUonc, 
a hi?>iar grade-thickness pmdnct is itiprcaaingiy daairdble if ather 
oanditlxMis eueii as 6spth rcatiLn ttaa ssn^. 

Tl» invention will jkm bc CXplaiuaJ in greater disftail wit^v 
TOf^Twxe to the aocxapanying drawings, in wJiiciis 

Pigme 1 sbwffls a plot of relative rate of return IRR) for 1982 
DS dollars invested iji inataUlag and operating tte prooass of the 
prosont inventicn, as a fwictloa of oil ebale grade-thickneaa 
tasTH) UEodaist, to proi3aoe shalo oil at its 1982 valvw. 

Piguie 2 illustratee a. ptot of thsmial profiias at an 
otosarvaticm weU re^anSing teKperaturea neaBuz^l at ffeawit 
depths (D) and tiasB within that wall. 

Figure 3 is a plot irf the radial thsmal proliles at the 
fidxHle of a heated sane aftor different tinea of heating. 

Figure 4 ia a plot of tt^nral oondactivitiEa p^--^i>i and 
pjirpendicular to tUs bedding planea of an oil ahale as a function 
of taipcraturs. 

Figure 5 is a graph of Plficbar Assay yield with <tepth ID) in 
and eixva a haoted poocUon of subocrransan oil shala. 

J igures 6 and 7 aie pXota of horwsonui and vortioal 
taBipecatuns profilfis within a heated portion oC subterraman oU 
sl^le fOEmation. 

Plgura 8 ie a ecdieaatic illnatratito of a paction of a f«n 
caipJction arrangsDwit TOitable fw practising the present 
iiwenticMu 
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vel\ paut&m \16^ ±ar the oil pioJuctioeu Tha resaltanu pcnnoablA 
zone j.s a zoiDi!> Cxcoi whidi <iad-i otJicr cnincxalB con be anlntlotv- 

In gsosral, tlie preaant invention Is applioabli^ txi 
sub&taakially any aubtrrmrvinn oil .ihal/^ rJeposit c«ataining on 
interval of nubBtanH n1 1y Inpexnoablft ail aha in uh.idi is 
subacainially frco nobile waCi^'> Is xtxtz than atxait 30 in thi.c)^^ 
iind has w adequate ovexa^ tjiaOa Ui gallons pec tuo (Fincdier 
AsfiavV to give a grado-thickR^s proauct. ot about 900 or er^eater. 
Ths Avorcuse grade of the heated ititorval Rhould he gzeatcor tiian 
about 10 gallcmr p«: ton (Pisclier Assay) . VHthln thaas luiilt:atJLons< 
a hic^isL- gradc^ehicknoss pjcaduct >.» increasingly daiiir^Ie if otiier 
oonditluns fiuch as dspth rcaiain the sane. 

ths invittitiaD vill new be cxplaiuacl in greater di>cail vitt). 
i:e£<erx<!rce to Haa aeeonpanyijig drawings, in vdiich: 

irignxa 1 stKMS a plot of raiqtive zats of return (RR) for 19S2 
US dollazs iiwested ill Inatfllllnrf and operating the pzoooss of tba 
prosont inventioD, as a fmctlcn of oil sbala grade-thicskoc^ss 
(GKZa) ixeoduct, to pzodaoe itoilo oil art: its 1.982 valos, 

Figuxe 2 iUustrataft a plot of thssnal proflli*a at an 
dbseivation well regeurtSing teitptfatures cnaasured at. <Ufficrent 
deptl» CD) and tiinBii within tiiat wall. 

Plgure 3 is a plot of tha radial thsnaal profiles at the 
fld(2dle a£ a lieated rone aTtor diifBL-eiit tinea of heating. 

Figure 4 la a plot of thenml OQaQdactivdtiB& paiaUgl and 
psrpaidicular to tha bedding plaaea of <ni oU shale as a function 
of tcaipcratuitt. 

Fiquni 5 is a graph of Hfichar Aaeay yield wltb d&pib (D) in 
and obom a naated paction of s;±»oerrfDfflan oil shala. 

F igures 6 atd 7 are plots of tiorjUontal and ^Tertic^ 
tBipacature pzofiles within a heated portion of. Mbterranaan oil 
d'^ala rou nat-ion. 

Figm 8 i6 a sdieaaitic illu&traticn u£ a p oc t iop of a I 
cCttplotiCn arranqeirpnt SOi table for practieiAg tha pceaent 
iiTvention. 
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LAX staai, Ijjtngstxosn tfsachRts tbat tba in nltu heatring and 
IJyjroly^iJirr ahcrald bo dona in a isottion of tin* iaqpamdsablc fojomatieel 
which Is vertically oontigiroua to a well- inter ounrsctinq fractxu-e 
ur a layez (dildi has different qeologaaa.1 ctiaractcx and ia 
5 pezneaibLe to Tlou o£ the fluid ):iroduc7t^.ti of the heating ur 
pyjolyflifl, 

Controxj' to Uie Ijuplicatdana of sxicii pciar tmchings gxA 
beliefs, &ppliciants diaoovurisd tlsit. tha prcaontly dsscribad 
ctziductive haatincr process is ecanaQiaaiiy feasible £or uiss in a 
m aiibstantiallv iJapetireable sulbeezransan oil sha]a« Ttd.9 1& ni>k 

obvicuii, particularly in vicac of tiie fact that the prensnt process 
U9SS a mic^ largsr ifcll s^aairvj than tl»t usc^ in tha (Swedish 
pi-noess and the preacait fkoccbs i^ nxidneted by heating ths 
inje(7tfotn veils to tecipsratures oi at lE»Bt about (>00 ■^C ialtbai^b 

15 600 '^C baa bean said to b«i candui:j.ve to w feconaidccUly untenekble, 
hi»fc--mstiQ9, endnthezRiic resctiaa)^ ese tte Oil Sfaatle SjinpoBjant 
P£ciG^ings tnentlottdd above) . 

By nesns of laboratoEy and field te£t Bea aur emea ita and 
juathematdcal nortds of the present prooosa, atppliceani» have found 

20 tliat wban tiaa ^lls etra spaoRd, cio^leted, mi opesated a« 
pr<9ea)tly <teee r i ted , the only xeefiati in vihL^ beat emrq/ is 
utilized in an endotJiemLc r»<:tdion amxmts to leas tiran about 
of tba OAM to b« heated, and ths energy lost in that Eashicri is 
insignificant. Af];itUcant3 bavo indd&uted the rate at Which 

25 substantially iuEXunoisdsle oil lAiale fonoatiana are heated 

OQndu3ti\'ity, and have ddtdnidreiS tha amount of host reguiL-ied for 
pv'rul^*8in9 kerogen and thermally ixcessurieiog the pyrolysis 
prodDsts to preeeures oapable of fracturing a iQlati\«ly desp oil 
fia'iG fCQCiiKlttoa and thenwally displanrng ^fpoolyuLu pcodnTts through 

50 tha t3:]-created pennezMlit}', 

Ibsi data obtained b^> sush ncs^asarenenta in the fidd and in the 
laboratory Ivan/Q bean «ip1o^'ea in oaloulatinng nf power reguiro- 
menta, ooanoDilcs, timt to etart ptoduction, pmiiect duration, 
acnount of productiod, etc., iri aatheoBtlCBl sinulations that 

^5 cocrelate wiUi the field aoA labooeatoiy data and iivdicate the 
(na^i.tudee of sudfi factors io reapcst to a full soala ptacsas. 
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Ttoise csilculatla^ indicate that thet p)ne.5C>Dtly tSefinefl process is 
tha only ahala oil. ^xxxbictian prtxxMis of wttt.cl'i iiwlicontR arc owan 
w}iLch i.3 cdpoble of cccxioinLRAlly Qiutiiining oil frcni a i-elativcly 
lorf grods oil Milage tounatirin, soch as otM in i«hich tha Fischer 
5 Assay 13 dtly 15 gallons or less per ton. Hub capability can 

tncrcaea tha p«3troleuD ren^jrvci* of a axgrulflcxTnt pEopcartlcti of ttrB 
oil slMilcs lonan toy a laobjr of six. In a<<jAition, with respect to 
prcna-ssciS iior uo^'gzDuitid mining ana cotxlified in Siltu ratnrtjjvg oL 
oil iiha)e> tho prRRsnb piwsn Bignlficsmtlv hYirxasca the anount 

to of available JseaiCKBti Vr/ elimixiatdng ttvi na^) tor support piilam 
and i\)to£bux(3en betMsen iidj\ing zotoib and by pcoviding a niE2ans £ur 
treating siiibetantially all of a very thick jjffAP/ai of oil shale. 

pnescQt pi-ooess can 3dvantj)c|oou»ly be 6(^\ied to on oil 
abalii fomiiition in which there L& qignificaitt c jof t ue ntr a tion c£ a 

ii tninsral sueh aa ^^fscnibe or nalwolita. In such a EoiTtEitinn the 

pocooaiis prcrjidaii a pezncabla zcns frocn «Mcdi such a ininsral can be 
rtuxAered. in additiorif the l a wHw u t parocass is particularly 
advantagssus in ocsivertii^ dsMBonite to wator-aoluble cxzipouTuls of 
aluniniuai (prcbably rha-alAznin&) which have bc^ {both d^ndoally 

20 and ptyBicalLy) irade available for sQlutian««iidniiig to pasoduoa the 
aludiniiini — an eaasntial tn&tcsrial nAilch is in short iTCppIy vitlrin 
the Onited states. In contraab to many prevlonuily propoisecl 
pnxessos, the pixcsss of the present Inviention roguirtts eub- 
stantially no tiater, involve muruKtl lard disruption> and can ba 

7.5 coQClucted witr-b minimal atsica^ric pollution. 

Figure L EhoKS the relative rabe of retuzn for 1982 US dollara 
invostE^ in installing and operatinc) tie present pfoceaa in fi/eld 
i^Cplj cai.iar>e tiiat have boon mattemiatically nodeinjed f rent dnta 
al:itains9d b^' field and laboratory neajwrenents. 

.V> Ky/iPgLE 1 

A PtrtPff a£ injection ancS productioa veUji i n drilled into an 
oil !>hale fomution 4D a in thickness vdth 12D n of overbumten. The 
dvcjtage. pi.l gracUa of the interim is 20 gallonft pur ton aa ctetcr- 
niiK-d by Ti scbcf ABBay« 

35 liiK veil pattem i!i a sonran-epot wit^ each heat injertoi: ab 
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tha cssrmr. of a xosular boxa^sn sarzaaruUng a oesatnl prcducdjicr 
Mill. Ih» spacing Is 22.5 fti }x!tM9sn prodticer? «ix3. 5j)}cctor&. Ohe 
pBttae»£ri rapurta wj th producers dfaaring tha iDn«ctnr9 i n easb 
aizectlon ana oontinuas to torn a field-vide pattscn cnipable of 
5 pioducijs? a laig* qoiintity of oil. Tte In^ector-to-^mxlucRr ratio 
apFEoactes 2 to 1 iti a lacge £ieJd. Tn Tbonpla 1 tbe total oil 
piT>i>ici:f/y> is 29,000 btuzaJji per day thiojghcut tfas lliu uf tlau 
pocoject. 

tine injection weU? elecbrical haatisra tan tsciKiited into 
JO fcxnatloa and ooDnastod to a powsr sooioq on the aarfiacn. ^nta 
pzodoetiorv tells axe oep)ip(x>cl.witb Btandar4 oil field punpui for 
iittitig thQ prodooed oil to t±» tiurfaca. nia eleotxical icijoction 
rate is 3.23 x ifl^ nryA®n per <Jay. Ths teBtaraturB raf the 
injostOTft ottoinB 150 *C 'ihe -pzodoctlon. VK^Iis roix^ a fcezmiml 
IS tenpisraturB oC 300 after 33-34 yearn of o^raticn. Production 
over thi& pcnruxJ averages 5-6 barralu/doy par mil, with ttte 
avDrago aurdaur of active prodocing uclls balag froa about 400 D to 
5000 r doat coneuiqption is l.i x 10^ iiiu/barrel of liquid oil 
pxoiuctinu 

20 GasenoB prodocts ooUecfced fran ite production walls m/ be 

uH3d fbr nn-«ite fensiation of cloctricity OC otHer pjzpasBa. Tba 
oil-ph3«> pebrolcuA >Adeii Ia m prodisoed is superior to oon^ 
ventlonally retorted slials oil. Has rsslativsi rata xetnm vihii:h 
oan be expecbad £i.Txn tte liixanple 1 sltORtion Is illustrated by tfae 

25 "Ex. 1" SitOxtxan dsBignation on Pi^ire 1. 
WtaKPU; 2 

A seriBa of injection and production wells arc drilled into an 
oil sliale f oncBtiOD US m In thickneaa with 300 n ol overburden. 
Tbe avecaga grada of tba oil shale Interval is 26 gallaos par too 

•.V) AR (!et:ennf.ned by Flsxsber assay. 

Tte well pattern is t>ie sane ssven-epot dascribad in acanple l 
exexipt the e^ciog isi V3.& m ixtueen vails instead of 22.5 m. ibbaL 
prodQStion Is 25,000 barrels/day tr o u q h oat the life of the project. 
The injeotor to productsr ratio atill a:pproadtuui 2 to i . in tba 

a wells* ths heators and production equipment azia nisdXai' to those 
<)eecribed in Mxanple 1. 
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'j3m fOeetricxil injection rate is 10. SS x 10* ETO/waU paj- day. 
TVvj i/i-jcicti/x) vcBll tcnpcaraturBK r**^* 750 'c and the prtsductinn 
uelis xeach d ti.nal tcnpc^ture o£ "C after a proctuctlon life 
of 9-\0 ^cam. Prodtsctian amr this porlod averages 42--43 
barrel£:«^<^ per wull, Kith rim sverage nuabar of ixrtive prtx^nrii^g 
vaell!; beingr alxut fiOO. THa )i8at cczisiuqptioii i£ !S,6 v 1Q imVbarrel 
o£ lic{iij(3 oil prodxxxu 

As in Acagiple X, gaseous prudLicts can be iMitd for ocwiitu 
pcwer gcnox-j^ion or otlveo: purposes and th£ liquid produce vdU )>& 
liighor in quality than conVKsitionally xetarcod staala oil. The 
j.-elative rate of xctum wtiicti can be expectetJ is illusitfiatGd by Uia 
"ESC. 1" situation denlgnabion on Pl^ure 1. 

Tdble 1 liKts ocxibination? of oil, sliolc graJan, thio)cne~?9e3 
aid grade^chlckBses yeoductn -which are gencrtdly suitable fac 
in the preaatl; prooe&S. "Aai relative psnitlorM of such grade 
thidoio&s (A-tductB vith respect to tiie relative ratev of firancial 
xetuxn are illusteat&l by Ore clesignat}on& "Ft«e£«rn£ii Range" (C<K<] 
and! "EBpcsciaUy frefoxrod RMga** (B.ff.R,] on Figuiu I. 

TRHIE 1 

c^ratfe <galloas/tcin) P iicJtness (a) Gbfatte x ThictaiBaa 
30 30 »IKI 
20 45 900 
10 90 900 

M3£ie daairable gra^ tJiicQotcss cgoueplee axe !ihoi<R\ as follcr^fs: 

Grade fgatlgaa/tnn) "tliictoxMig (a) Grade x ThieteiiftMi 

30 ISO 4500 

?-5 60 1500 

20 300 6000 

IS fiOO 9000 

!0 225 2250 

in fsansniaX, the higti^ the grade thlckne&ft i»aduct tna lorare 
J£isiEii}jlc!. r>ie practical application is LinitEsl only by ttv- rtbility 
to hi»at the dseirsd interval. 
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Field I\Bat McataaiaaDi&ntar 

Haste ware oaon^tucked in an cot cr qp p ing c± an. oil. shale 
fozmEiticici which is typiciil of nutataiKialLy ijRiMxnHablB aivi 
Tslativoly t^dc oil shaLc ddpoeita. Ihirtecn borobolea were 
^iXied to dsptbs br»t3Me<sn 6 etnd 12 m aiul «»inR Airaitged to pxt^'^'ie a 
pattern of baat7*lnii»stuxi, cbsetvatlon and fluid-prodoction vtsllR, 
wltii Ure borchDlDii haing sipaoecl about O.S m apart in ordox to 
gcmidB a relAtivolv n^id aojuifj-ition of i1ata. Haat wan nnjeotocl 
at a t'ikt« of abouc 1000 w&tt£ per Tietixs for Cive days. After tbe 
heat-injcctlofi Mill temperature had zaaclied 4S0 *C, a tGncKixiiture 
faJ.l"o£f test vaas fun finr ace day. 

Fi^ore 2 shawa the vertical U-jsobI pioCllmi in an cb5ei:vatu.on 
wsll, &ii a function ot tloo. Zhe data wan Citbed to a natbscBtlcaX 
m>].uticn diaeerihing tbe tccnpacatnrB difltribotinn arouixa a 
finite-length lim maraj ijislde' a jnediian ot tbscnal oaruSuctLvity 
(parallel to beddlttil) 3.25 TiraI/cni~sec-*C aud thsxnoX ocv.iductivll:y 
IpearpandLaiilar) 3.25 iiiO!il/cm-«ie^*C. specific licat opacity 
utilized iJi tte istlcolartiona was coopjt^ f soni Xhs tliennal 
can&acktviti^f tiiamial dif fU«ivity > aod tnaaqa tuV^ density of 
tioe&a re^TVered durln? drilling of the votlu. The thennqpliysical 
piot>3ttieB fiar tbe tbo oil uStala in WtiicAi tba tAttttf vera cxTnduct-ed 
are sutanarized in T^Aila 2. 



Figurs .1 ahcM? radial profUfiB conputed £ar ebs lolddlfi of the 
IVQBtcd zona fear -varj.cnra bsatin? tlxne* it) . At -Qis end of a 
teqpeEaturc buiM-up tsat of. 140.5 hours, tba avefage fonration 
tenpcratuco bistMeea -tlie baate]; and cbsiavatlca wall waa 120 ^C. 



TMgg 2 



l^nitlal KescrvDir TExqieratnre 
Fiec\vsr: A^gaj't 

iJulk Density: 
UttBcaal Dif^ieivity; 
Specific licat Gapaci^': 



9.6 "c 



20 9BlloR/tion 

-3 2 
6.6 X 10 cm /BBC 

0.224 CBl/gm «C 



1288043 
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Pi<3ur»5 4 ahovra a octniMrisafi of iatoratciry waigtw fmA finLd 
data A!lutii/t9 to Uib thamal osnductivitj^ purallel t» am 
porpiSCidLcular to fche bsddiiiq pianes of! tilC oil shnlc! fomation, aa 
a function of tsiifperiatuie. The labo»t30X^' oonftuctivlty utoasiuttiienta 
3 were nade oi^ ad:}acefit snopltsti of fron the cbzexvatloi) vk^U, 

lining mite corcK cut peorallal to and isjaie cut pexpemicular to tlic 
bedding iilanrav. A tvi trogarv-atno&pitelM teas uBed to elisdnati! 
cKiilation zeoctim. Thn samples wete constralrcd in tfaa vartlcoi 
direction tout wera iren -ta expand radiaily. After ths S3npl0£ weire 

10 heated to BOO *C, tlis radial eKpansion avaragsd 1.45%. lis slxun la 
the figai.-8s, the laboratory valuoii ams ia exoalleiTt a^reeraent with 
tlvi values ocnp^ted Hxm, tta f ieUi data, tiati tu»t» icxiicate thist 
the thezxBl oondtictivity ia iwer ij) tJne direction ccrpacidioular to 
tta lieddlng piano, teeausa kexogen layer.? haw a lousr oondostiviQ' 

13 than the dolaraite matrix. AC taxpcxatures belov lOQ T, the thsssal 
cosiductlvlty in assientially ieotnjpicr as d>servod la tho field 
tests. But« that oanductivlty baccmea increasingly anisotipplc, aa 
tJie iwrcgen is reoDved (at teaperataiea berbDsen 300 ana 400 and 
gan begins to oocui^ the spaooa betaman tha layara, Abcwe 700 

20 both the p?r«)Uel aiiS p&rpendlcular oooaductlvity dasreaee abaxply 
duB to tte daaoifiositim of the cblonite aitci emlutlQn of co^. 

nbe;n a suhtarransem oil shals fiomntian ia baatad t^e oil 
shale expisnils as the tsnperature laaroaeaa. Hhen tba oil ahale 
tit>Lf(x>ratuz8 xieachas a kerogeti pyrolyziiig tecqparatura (for Qxanplo, 

25 frcm about 27S-32$ *C} additianal sxpaDeion foooces are generated. 
f!he kerogcn is ocxymrtoc) to fliiid& cnpablo of osaipyiju; u larger 
volurnd titan tha ketogEn, and sadti fluids beixoe increaslivgly 
pcreaswrized when tte tcnfteraturc la inorcfaaod. As xncnre fluid xi> 
Sx3xni(id and nara fluid is heated, hydEaulically indiK»d fractxires 

30 Com witJ^iu the oil ahalo fonrotiot). 

Fractures vshich are liydreulioally Induced within evbterranaon 
eai-tb ftumationa icena alcng pl<nes perp«xll.c»Iar to tJie loasb of 
the three principal Lanvn easive stressee (i<e>/ one vextical and 
two Jtutuaoiy parpendiouiar horizontal 'xopc^niw stresseo) T*vich 

Mi exist vti.tliia an/ Biibtexranean earth fonetion. Hbiaeoer, Mhare the 



hydrauMc fractureH tend to ho vartiual, tiorisnntal fract-iires can 
ba fonecl by Injtautin? heated fPuldo so that tha tgalljt of ti)S 
vertical fractorco arc lieoted vntH U'-ey siveXi shut. TSian, by 
iincrcosiiig the fluid iajectim pniiHtum to greaier ttian overlnmiBn 
pres«}zo, a horiscmtal fracture caa tis foianecL fSaOi proccssca Tor 
theznally ioducing t)M fbnmtion of hcarizcntal fractures by 
injecting cistfimally haotnd and piressarizcid fluids are desscribod in 
patents such as t]» abcMa-srsntionoa US Pattsnt Ito, 3,2W,2B1.; OS 
Patent Nb« :i,i]55,.39l by C.Es. »atthj»c«, P. Vamvori} and C.W. \>bi«k, 
and US Patent Hb« 3,613,78S by P.J. Clo«aatin. 

Api>lica]its have Dam iina^'qcc&X tliat when subi£toiitialIy 
ijipeznBab.1 e nibcarrarjcan uil shalm having bbc presoiitly KpaHfitad 
ccnfoln&tion of gxadit and thictossfi wexs cooductively bc&teO av 
presccrtly epasifled., 9 Tsans of psuneobilitv vaa (ievelcped bctueen 
vellfl laathiii the oil libaLa, A}.tteii]gh die prc&fiut invention if) not 
premised on an^' |>artlcular niBcfaaniaii, in the osuras of such a 
trcatireot the heated oil sbala b^vtai aa thocgb it was sub jested 
to the tdbovti-desccXbed t^'pe of prooasa for thsnnaUy indocing the 
fomatian of hoci^tzital frao t a res. Sach a betswioor Tx>t 
predictable , sinco tba ^ta«nt process l£ cgsarated wittejut anv' 
Injectlan of eaty fluid. It Bj/ffoaxa that u-hen tbe pzesent process Is 
cporab^i witliin an. inpexnttaJblo oil £luilt», tbft in aitu generadnn 

tH.fjp'lLAoeatstt of heated and higUy pressurlzod fluids oecum at 
the tinea and to the extents neeiied to successively extend and 
bDciwntally fracbor^ t^voai^ suoosssivB portiflna of the oil shale, 
vAisn thosd poirtloue faemte ocffdoctxgely Iteatod. 20rn being 
hi2ated appears to under^ a rclativoly unifooD, bc^izontal/ radial 
CTcpansion throacpt tha ail shale, «t the rate set by tho thrasal 
isoaductivity of the oil Atale. In oadi iMid-CBssivB location in \inLdti 
a Xerogsn (yrolyziixf tencxirarture ia reaclted, fluids ap^tear to be 
focmedf beatacS and pressurized ao that aidJsCantlally aity varticol 
fractures viiicb are forrand witiila tte hiHted zona are subsoqusntly 
cooverbid to bcsrirontal fractures. 

AepHcaota' teats indicated that stibstantially all of the 
fluid pyrolyels promts o£ the oil sitaiLt »^itv»>^ to xtaaxin in or 
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nwir tlu> lissrtions in vAUch -ttvv waare fanned untU Uiijy were 
displaced, throagh sobatantially horiamtal fuiuturea, into veils 
adjoin log tho Ijaat-innenting Holls. In ndaii:icn< tho fractusne^ 
iivduciiig pressorc oi fluids in tbs liocizontal fractocs appcaaxB to 
liavcs been iredaoed as thofiii f JAiids cxpandod sna ttexe oool^ .as 
moved so/ay from Uia tobtxMit pcor^iagv^ of tha bsiati»a zone. 

thQ3, the pcBMDt procx^ seem to jndiioc the aaving of a 7jaaa 
ui )EBro9eD-F;?roly2ii>g tea^ieiratures thiuix^ tha oil sh&lu 
i]iiiBdi«tely bebiDd a xanm of Jxcaliaed fzacturiiig in which tha 
£iactut«ia am, or socn becen*, hn-izontal ftmturBa, Olse hcatltig 
arid Crao tMr lag taneti seen to imdorgn a snbstatxtlally unifoaci, 
harisgncali radial expiuiaion bhrowfh th2 cdl shale^ until the rone 
o£ rtacturiag readu£ a lacatjum (siid^ as the bor<d-olft of & 
production well) fran vfltich the oil al»le Eyrcalyaia products are 
witluarsEun. 

In a dd iti o n , ap p li ca nts lyxve di&e»vei«d t^at4 at laast wham 
tha owerburdea^ pcosrajra la cnall, the zone of peineabillty that i* 
croflted betwasn adjacent walls retains a slgnlficaiitly high de^e 
of pcntetdjilibf after ths fomationB have cooled, Thua it appears 
ttiat/ <swsa if the ovadmrdan pressuxs ia higlh» an a^licsrticn. of 
ttsa present process is capable of. fcoolng a u^l-interooisnAoting 
zcno ±a which tha pemaability remins high or can bs i-eadily 
restcirea by un injaction of fluid after aane or all of tha htiSt has 
dlsaiiiatea. tad, the d&gteA and losation of tlat («i:nBability oan 
be oontrolled b^' controlling tfaa rate of resxaviaq *ymri fiyx^ ttr^ 
pxodacintr v»lla. 

Una data obtairjed by measureneirts iu field testa of the type 
(tencxibed above Vdx» inoluaive oft ths thcxnal ccctductivity of the 
oil c^iaLe focnatojcnj ths anoint of oil neaovcrahla by Fiashcu: 
a]ialyfd£ at varioaa de;>t)v9 withia heated intervals of the oil atxale 
baCOTB and aften: ftaating, the nisasurcsraot of tha amoant of 
pymlygis prodcets roaoMsed, and the lika. While no oamainicaitiocj 
oxietinl faetMaan baat injoctora imd prodaoera at teat ataxt*-up. 
injcctlcxiii ut th« end ot. the test denciiBtxatel tltat perPBable 
channels had fionmd, 'Bm results of standard enginoeziiq 
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aalculAtvTna uerc lj)diuiitj.vR of tyie applloattllity t>f <\ co n cep t of 
tha t.ypi» (Sewribi-d abCMs to the rR.<!ult<: obtalnad hy -UUi teat!), 

Fii3>i7iiQ S .!<; a c|r«^ of Fisc^mr Msoxy yields, £ixxu tba tarq«M: 
2002 Jj) the £iBld tentt as a Hunction of dnpch D. 'ite hcab>d 
interval ostanded fjrxa 4.2 to 6 Hm ml id curve shews <:he j'iclds 
hHf^re the heating tiwrbmnt and i:hs- datehai cucve shcmn tJie j'ieldo 
alH-jRi: Tts^orking was cxjnpiatfta. yields bafooni and afttar \K}r^ 
ouEismtialZy i±m 9»it» mtcidb tttti beatod interval. Utt vcasumiigtts 
were made on (xwbb frrxn tie centre o£ the pattexr^ bofjore heating 
arti on corGS about IS cm away atter hoscting. IVm variations vAiidi 
are ap^BTeill: iu thOSd yields are within the DDnnal limits of 
aocvrncy for the fneajmring of sucfa viaiuEiii. 

Mtlon tte haatod interval tbo ried^^r Aassy yicoa clrops frcei 
on average of 20 g&llocw/tnn- before the task to laes than 2 
gallcana/ton aft«r lieatliuj. H» rBtat±Jng efficiency within tha 
proceisB aans wan bhu» better than WX of Tiadter Assay. 

The pattani and extent of the zesovery ocnfiniB the fact that 
little oil ms lost ovbi- the pioducin? iKsrlzm. thiouijh vevtical 
fractures. In addition, tfaa nnieonvit]' in r&tortin? efficiency' 
through tha heated zcne, Indicarteii that themal fronts vierc 
approKiittfaiily uniicaiD ewer most of tha heated interval. 

The uniibrtnity o£ the thetrnal fronts Lb even mors apparent ia 
Figores ft and 7. Ihsy stow h:^ixantal and vertical tenperatoxc 
profiles (^Lloulated £c».- a mt of vertical heaters in d £ive-s|pot 
S^are pattom. Ifae set uied in tlK oalculatioes included fcmr heat 
iniertorn and one oontrB produsar tnot .qlxow/ but centored bGitSiieea 
the hoators t^hown en the figures) . Ea^ luator uas aasuiied to bs 
PA ID lung and heated ab the rate o£ HIA N/nu 

'i!be pocp f i lrs la Tigura G (grsqiha of ten^ratuxe viiriatian& 
with diataiiaRS frcn the heaters) ware calculated along a iaorizcntal 
sisjicoot I^Ij ^AiitA. excendn bhrcugh th& odd-points of haatera at 
nE¥<»lte comars of tha nqnare. Figure 7 ie a RlmllAr <jxaph o£ 
profiles alaxf a vecticnl nutgineDt 1^1^ an the axis o£ eytmetxy vf 
ihs pattern. 

Such calculations indicate that by the tine retortij^g 
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toni^ratureji (27&-335 *>C) ton: reachad at the cnaLre of the i»tt(ii-n, 
iiorc than 87% o£ itn vnlune Yxaa been uurivurttid vAiiXa cn1y etout 14^ 
of tbe canvertfid voiuou ura6 heated to noic than 225 "C. Furtheimore^ 
ths calcolations ir^CEite that If tbe paxcsr is tiu-Aed o££ or 
reSarjnS ketor« ths oontru i<aacbaa a tait)Rt t-eirpcrAtiu.« siich aa 
315 "C, the JeveUing off of tbo thannal tnxils will Btill halt tJie 
centro ol tha pattern to retorting taa||>Qrtitur«« mi ¥dU also 
reOios tbs tecii)(iratm rim at the hcutttrfi. This node nt apearation 
can. ext3ur.c tbat less than lot of tba heatect volusnc i£ booted to 
10 Tioee than "C^ and ttus cad istBtasum titve thsnm&l eSClclcavcy of 

In view of ths ab^we teat rnR»Hs and tine oulcdlaHnnw bawl 
cn those r«SQlts,> it appemra ttnt, oup t xa to the pricr taacbingn 
^otd faelicifl/ tbe initial iBgajananhil-ity of an oil aihale deposit uan 

13 bd utilized aa an adwNitage, Ifao initial iagernrwhi lifcy oanfiisss 
the fluids and fractiixwt wit±vui the wsll pattam, bIacb no 
pacnieabUitv odsts until tha socw betHsen the be&t-injfic±ia3 and 
f luidr-paziucjii^ vKila beccne pexinisated fay a ppttexn of heat-inducod 
horizontal fojictuves. 

20 xn tto pa e B Bti t ptxxesm, ttte rate at ^liich fatiart xb trBnsini.t.t«d 

into tjhs oil stale de(x>fiit is atxco^iy afSeceed bgr the tertporotuic 
graduent betMsen a heat-in jectii^ well and the suTToonding earth 
±ontutloa. In a porBferrad prooedora, tha determimtiaiiB trC 
variauiOQS frith ds^Mx in tha caoipQaitloin and properti&s of tt'ja oil 

2S flhalB depoait iiiclvde a dotoixtlmtion of the pattern oZ heat 

conductivity with depth wittun Oib earth faacnaticna ad:}a£.-eiit to the 
Iieak-injeobing wtU. Baaed on such datetninatloas ths tenEsecaturvs 
to vdiich at laaat ana heat-in j acting well is >toatad ana arranged to 
be ne-latlvely hi^ at the depths at whiiA tfae heat oondactivities 

3D of tha adiauent eartii fomatioRS arc rolativoly low. Thia tends to 
oausd tha rote at Mbicb heat i« tranaanlttcd through eaxth 
^onnatians to be substantially onifoocra aJ-octg the axis o£ tha 
haat-injeccing veil. Kaua proaadorsK can ba utilized in ord&r to 
provide higher bencieratQres in \>irti£m of heart inj«K7tin9 wells 

■js mHyusirlt to aarth ftToratlons of rclativaly Irw haat conductivity. 
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For example. In m«11b vhich are being heated by eloetrioal 
r6feiBtanc««, ftd(ll£i«Aal realsCAnt elea«Ata can be poRttloned at 
the locat-lon at vblch extra tieaclng Is required, preterably with 
prec&utloaa being tnken to avoid the exeetlon «f "run-ftvey h»t- 
epots" 4uc to ipcrearlttg teitparauiTe Curther iBecaaal^g the 
reelstAnea and thus further Ineraasiitg the beating, Cor axample, 
as deecrlbftd In the coninioDLy aiislgnail Canadlem pacent application 
Serial Do. 495, 8S4 fllad Kovenber 21, 1985, by P. VanHeurn end 

10 C.I. Van Kgmond, In wella being heated by eodbuBtion, more, or 
larger, or more heavily £lred, burner eleaMnts can be paaltion«d 
in »ucb locations. 

Suitable datetninationB of coiapealtlona and prop«rtlei 
of the mlnarala tmi/or or9ai>lc components oi an oil ahale deposit 
and the variations with det>tb in svch propextiea ean be nade by 
means of knotm mil logging, reaervolr Banpllng, and the ItKa 
analytical proeedttr«a> The deterttlnationa eon utilise previously 
measured! geophysical or geocltemical data or laboratory or core 
analyaeB, etc. Fox «xani]>l«, tbe variations with depth in the heat 

7Q coiiductivity of tbe adjacent fomatlone can be detertUned by 

calculations based ea tbe kinds and anounts of naterials present, 
and/or by therDal oonductivlty lof^lng me^aurenents, eto. 08 
Patent Bo, 3,607,227 descrlbaa a logging tool containing a 
constant output beat source and three tentperatura senaora ton 
obtaining a log ot relativa thamal conductivity vith deptli. TJS 
Patent H«. 3, £92,129 describes lofrging cased or open borabolea tor 
temperature, spaclflo beat and thorsAl conductivity, employing a 
const&nt output beat source ttnd three temperature sensors, us 
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PstJknt Ko. 3,8Kd/98!> deectibsa a logger tor inafelnq station 
neaeurenentt oi fcfaemal eonduetlvlcy by beatintr a Carnation £or « 
tina ditn ueaaurlB? the rate at: which the temperaturA dAcays hack 
to til* anbleDt taoi^ ratuc* . a& PtLtent Uo. 3,^dl,l87 doccribes 
logging tlierval ooednotlvity of a cased wall by uieasurin? the 
tanparatura of the casing wall before and after passing a haatad 
probe along the wall. 

Aa indlaace4 abova, even wltb r«Bpeec to a flva-apot 
pattern in vbich a alngla fluid-prodaclng well Is sarroundad by 
£onx baat'lnjeetitig Vails, aabatantlfilly all d£ tbe interN'enltig 
oil 
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shale ca^ hi both retorted arid uocIb penreabXa, Housrvexi C->ie pr«99nt 
irwenlion is proferably coployed iii a aacha of asttigwriB ssaven- 
or ttiirtecQ-^spob patterns — in cH-lmr oL wbicb pattsi-na 
(particulai-ly in ttie ttdLrxessy^pX, pattern) the rctx>ftlog ratu its 
^ significantly incxeosBtl by having eaptx f Juid-pioduciog wll 
ijurrciunctoa by eix or tvjclw haat'-in^ecTtingr wilJ^i. 

'Ills wells uscdl in the prosait pco^u cod ba ocB^leftail by 
eubatantiallv any mnttind fox cir j ] 3 \vg a borebale into &D(Vor 
opcniA? a fra-eadj/tiatf boi^h^le into Auid ooRnvmication vlth tbe 
subcexraoezn oil stialu lonsatian to be u£8d aa an qU fithglQ 
tzeatsent .Intenml. In aiSdition ivo liaving the spBoIfiod abamvou of 
BignificBTit onocnU of snbile wataii t^ckness, tOOA grade, of oil 
(d\&le, tine i£rt£rval to which t-iie piienent pnxftsn in s^Licd sboold 
be capable oi oaaf inittg fluid at leut BobBtantially witJhln ttie 
treauimt iT)berval,r at least in xaspaet to aUwing no fiignifisant 
lf>iik3^ into cwerlyiixr S^xxrations vAien the prossura of ths fluid 
x«mchs!B pcccera Fn;<eswxef and fractures tte fonratiaD within tbo 
tieattf^t iaterv&l. The borsholeH of «gellR cncpleteii for li5w in tlie 
porcBont PE03QSS shcniltX be substantially paaallal and eeparated by 

20 siibRtaiitiaSly equal cSlistances of at least about 6 id. SctrcJiolK 

B^paratuJn difitaaaafi b3bs<iien injectnrs and FacQdueerB of £raa abnut 
9 to 30 m are pertioularly suLtablo. Borisholas free: o£ deviations 
from parallel. Which causs variations of more ttsn about 20 pex cent 
of tho w£ll difitanoes axn partiuulazfly suitable. 

23 xo the heat-iji3«cl;jn9 wUs used in the preaanfc process, the 

cement or oanant-lLte notorial which is u&ed to sttil idoog thi faua 
of the oil 5>w..Te forxMiticn i<i preferatoly vsLatLvely heat-con<3active 
and flubstantially nuid-inpetmeable, Particnl«nrly prefscred carents 
aea stablu at tticqporatores of at Itia&t aboot 800 "C, have a 
relati-<7cly high thsxnsil conductivities , xclativdy lov pexanability, 
littlo or no shriril<age« 9}\ adequate eaoe of p;ne>si>ility «qv3 good 
chmicaJ resistance, etc. H-s peiTOiiiiHty «ia disposition of the 
3M.ling naterlaL shou3.d pnov'ic^ a seal capable of preventing any 
nigiiif icaitt anojnt of fluid flew betowai tins interior of the 
boie^olo 9nd tha of ths oil iihala fanaatioor aa that tfaa 
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LranRfcn- heal frooi ttX! SJali. tD the fonnatlcn is aibfltaritially 
«ntireJy ir/ ocxi-'^urticil. Mlxrc portiomi of the luMt-injacting vsaJJ 
borol^la ar& B&^ctjiveJv incxeased in dianctcx near uppiar and IcMei: 
cxtraidtitts of ttm txeotxiEnt intierval, fov exanple/ )>y unclor- 
5 remixig, yjf-jb dLatutsrrs of the incniasBd pnrt$oias ar« preferably at 
.least about 110% of Lbe noodnai boreholn dUaetdr. Qilciuu 
aliziiijHt«)>borv3ecl ooocretes aiul/or cemacrtfi oontoiniog alurflim- 
eiliuiite aggregates (or fine parLicJ.es) are porticuLftrly &x\ltdblo 
for U90 as soch ^cuitian facQ~fieaLtng msbetriAXf. tsfmpJaB oX 

10 suitable mncats and can&ietfi& indadii tbaen deBcribea iii OS 
lia.tent!« such as 3,37S>,252i 3,507,332 and 3,393,642. 

Fiqnxe 8 aboiifv a portion of a hcat-injoctijig vicdl Lorctole, 
boidnla L, vihich is tiuitable for use in tbe pocescnt iiivuntion and 
is located within a tittrtment interval oC subtexxanean a1 T shale 

IS depa<^.t. f^Giu:>lc 1 ocnt&ira vnluigiid porticas, uic^t as pactians 2 
iutd 3, whixdi c;an be &>riK9d b^' ooiwctitional proooAucs such as 
undonx^Rsaiin? dnrincf clrillirjci, etoi A casing A is shown positioned 
vfithin -die borehole and umimfaad into placa witli a fluid- 
ijipeimeablOf haat-coadLicti^>e n»berlal, eadk a& nwnul-. 

20 Within each enlarged borebole portion, tho casing 4 is 

eguipped with at least one beat^ooninceive nelal eleneot, socb as 
collar 6, OOntairiiJI? mclia.llv extensive elecnenta m- ^octiosia, such 
as flexible netal nenbers 7. Bocb Ixatr-oonductivo mtorials form 
fdAtively highly condastive paths finr ooniucfcing heat frcn within 

25 the. interior of a borehola to eubatantially tfaa wall of an enlarged 
pcvtion of Che bozetole. ixanples of eultabla heRt-ooiv^tive netal 
elements inclnte cnetal wall acratctiers, toxbalenae Xnte^ers, 
oentxalizers and iAvt lite such as a BamnQr-loik Tiirbcbonder, or 
Boltkik IMrfaofaonder, ai-zLilobto fxocn licikerline division oS Bakes: OU 

Hi lools or a tOl Bar S ocntralLcur available taxa Anrtalope Oil Tool 
iixvi Maroifacturlng Ccnpan^'j cto. 

vith an amrgensnt of the type stioHn in Kigore B, at least to 
aonie «Bfteat, tits fnzit of heat trsgoBnitted away frcn a heat- 
iiijecting well cen be made sDm uoiibEm alonq a vertical line 

J5 ti<avorsiQg a Is^ of relatively low hairt oandoctivity withcrjt. tba 
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necMsity of xBaintatnlng a bighur tanpemturB in tM portioi^ of the 
vdl odjacent. to Miat layer. a unLfooii txdi{Miatura ia 
icalntained vrfthin tJ» tnterior of tJ'£ borehole, the earth frwriBtj.csi 
Cacc. along Kiich on anlargBd portioD of the bordulc bcocMBs haotad 
to !iub<!t<tDtlcQly the stBu* bBB^vaiatarm as the ft}iTitaU.on (AOb Alcerj 
narccMer portinu of tHoe, bamboltt. Sints iim faoa of ctis foxmatioa 
adjajniog tlie borehDle is boatod to tha highent tenperatare of any 
portiixi is tha £aaaaiA<n, ihs tcoipertttuJX-- gra^inKt extsndiii? 
racUally oMay fnsn the ^nlarg^ia poctlcn Of tin Ixxco-bola is Bbiftwi 
radially auay £em tim bcaehuln^ 

Tt) ^enexal, tJia beatisg of tba irttiariar of tha hBat-ipjnctlng 
vjell can be aoscitplished by subst^mtioUy any typs of teatin? 
device, eucb as isiitxiatliai «na/or electrical type of bcatiny 
oIcnEttts. or the liks. Ibe bBat-ing eljeoBnt :4oaL^ emend 
fnuhntantiainy tlmxi^ioeit tte tzwitinant iitbRvai (preferably 
t>iz»jc}hsut at ](v»t abcjt iaO per oeut of that inturvol) . WbajM a 
ccdcustLoa typtit lusotin? elencnt is uo9d< a gas-'firad heater la 
prnfeorad. Ita Awl and catidanta £01: a crataetion h»ter (sucb as 
tnethsiu! and oxygfsiti aro prafara}>ly aiiiiplied trough separate 
conduita laaidiTV? ttaou^ a heat exciuasger in vifaicli tha xnixaidiv] 
fluids are haatad by the outflcuin? cocrbosfcion products. Tbo bumar 
Itcusing and £luid oonduita a£ a oosbuBticn heatei: 9V9 preferably 
intktaLled vuLtMn a wall conduit viiich is sorrorjndad by an araular 
apace that is fillad bj' the cenent for sealing the face of tha oil 
shalo. cenarally suitable types at ooRbuetlon iieaOers whicih could 
be arranged for ose Id tiis presoitt prooesa are deacxibaal in US 
r^tentB such aa 2,070, B02> 2,78Q,4S0 and 2,903.270. 

An electrical reslstazne hontcc is particolarly suitabla £cr 
haa±±Q3 tba intgrigr of « baat-injectuig well in tbe present 
process. A pLuzality of zccictaDoe aluaeets are prafecibly ^3ax3. 
The rmiBtaiice eianentii can be nounted vithln <xr CMtoraal to an 
InteTnal conduit or rod, or siiiply eKtended into tbe borabolc I4ban 
tba rauiiitancM are usiitaniai to, or axe fre« of a supporting 
elesetxt, sucb as a conduit or rod, thty are pcaferably ent>edded in 
tlxe catciQt uiilcb Bcals t]ie faca of tto oil chale aloa? tba 
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trcctUfint iat/annl, OivmnMy suitabla t^pcs of electrical htidtHra 
which could be acrantjad fiu* vmm in tJn» present fixceiai ar» 
daBcri.bea In XXS PatCTJtS awh tui 2,472,445^ Z,4B4,06.1; 7,(J0,S0P.t 
2,732,195 eovi 2,954,826. 

In varioaa le'KXvoix sitoat.itma, portions of mi ciil sholn 
dc^&it which Mcnld, in gRi-nsreil, he suitable for uutt au a tzeotmeot 
interval, as daucxibud in cur paiwit appUcatlcD, may bs pataHttted 
by naL-ural fracture! otul/or plorfiits of weaknera. GixA relatively 
vieak TT^kg niay x^ujengo relatively loner axtnoBicnE of vBrtical 
t'xactuTHs when prMjiuri8ed fluids teing di$pluoaJ oMBky £rua an 
inieckloQ vrall acnnt into tiwa^ Ttii!!i nay rasult in expending fluid 
pasfMjigewnys Ix^-arjcl tlto openings into pxxxluctim wqUa uxVor inlo 
aidjaeent aquifinrB c'ap^Je of caiosli:^ an inflciir o£ wotiB* to hd 
extent detriiiantal to til© oil resovoij' pinxcss. 

nc. tiavQ nukf cliHuovwed thart sxih prraature fracCxire ext;erislans 
can be aK>oidod by drilliag and faBatdiK; "gnard wBlla^ within aucJi 
xulativRjy weeik oil eMIo zooes in locations sucrouoding b pottetn 
of lieat injectin? anS. f Uiid producing rails and/or in loeaticiitt 
intermittent between a heat injcctin? or fluid ^oduoing atid 
ai^ adjACont aguifiar. Sadx gumtd wclla ax« oaoi for oamductively 
heating che adjoining fomatiotis au b ft tantl ally tittw^icut tha oil 
nliaie interval bo be treated to a tcaperatare which is too leu to 
gasify significant pmpartiasiii of the oil Shale organic ccxasonestta 
but is high enaugh to can&i a fiiynificant tfaaxsal eapsmdon of Urn 
rocks, tihsm. thocm jxisks are Iieated the natural fracturas axe kojit 
cloecd and tbe fracturing aaaaal by \im appcoad^ing pres-TOrized 
f Imciii (displaced away from Iwat-in^actlng walls) teods to )» 
liinitoc) 'to horiECntad fractoroa ccncBiitrated along tbe eiden iiieaTest 
ta the h9Bt.-in^ecfet.ng welLs. Where flwld producing MSlla are 
iocatod subiitantially betwaaa tha heat-iirlecting welle anl the 
guar4 «e]Js, tte fractures arc |vca£iUientlaUy tatandad iato tiioE* 
wells, Vberc the Mgh fluid prossures ma qoiokly roduoad by tha 
pnattxrtaon of tJ^e iitficKing f Ixiid. 

TS3B encountering of such relati'vely wealt reservoir rodcs is 
apt to be indieatad bj' an inflow ct wetar into wallA driJJad into 
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such rocks. la gaoaxal, tha oAturoI fintctuntK craatinai 9 wlaXim 
waaicnesis ein3/or wntex inTlow can be tineiaell^ o1oc>l>cI by a 
r»lati\'«]y mild bsatlng, m Icnj iw tho fxacturc pwcoolty Is i»t 
Kcce thsn olLOJt 5 per omfu 
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I . £n a pcooess in which oil is prodnciad frra a 9ut)terr<vicia]i oil 
platlB d«fiQ9ik «XteivaiD9 bt ixaat one each of haat-iujactuig and 
flttid-pitxltjcing wl^s into the. depoftit, Cifit^iblifibii^ a iioat^ 
conduetlva flirid-in^jemwtoiB barrier bECwacn tlie iiit8rl<»r o£ csadrx 
h«t-injcctiflg wall caul the adjacwrt depoait, and than tafsatang cl\» 
jntecior of estdi hcat-injoctiog wall at a tespBratnra aufZicient to 
cxiriductivBly heat oil smle terogsn and oiiiue pyrolysls products to 
fiom fractunia within the oik shale deposit through which the 
pymlysia products oro difiploosd into ot least ooe production wsll, 
an i n px ovro ent Cor cnhancdjig- ti» iiaiiaaeity of tha liaat frmts 
iBOvio? thicjgh the oil &lude deposit, vdiich ocnveisc&i 

detezmining variatlona vltJi dept^ jn tha C0R(X)!!iltjoa and 
pEOpfirtitM of tha oil ehals depoaitr 
oonpletiiig said baat-lnjAoting and iluid-ftcdaaiii^ fc^ilb. 
^laotively into a troattnont. intuval o£ oil ahaXa in whlci\ 
tha oil ahaXe deposit (aj is at least about 30 m thidc, (b) is 
substantially iaparniBafalB and free of reobile tsater, (c> has a 
CKCfpoaitioei and -tiiic]<rv*»s 6ed\ that the pzodoffb of tiia a\«xaigo 
FiHcher Asjjray grails times the thicteess of the treabnent 
interval ia at least absot 9<HJ, and W) thszeby 
<xxapcavBnta capable o£ lataactixig in a aamar enhsicixig tfaa 
utiifotinity of a front of condnoti'TOly tranaulttod haat, with 
aaid walla bain^ arranged ao that, at least substantiaXiy 
chzcogb^ eaid tcutsent Intennl, the wall hoietoles are 
substaotielly i>&rallctl nod an» aapaiMMii by aubBtantioliy 
equaX aistanoea of at least about 6 m; and 
•within ttaa icr tarinr of esOi. heat-iTijecting TOdntainiiig an 
aVuroyu teipancture whicA, selectively alon^ Raid traatnent 
inCQxval, is at laast about €00 *c, bat in rat high enough to 
thKiially daarage OQpiliznGnt uitiiin the well, whila heat is 
being txansmittad awny fiotn the veil at a rate not slgni- 
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CicaR(:Ly fastor than that pei»d.tt«i hj the tharnal ean^ 
ctucbivittea of the CAXth ibmititicns adjauHnt to tby iwatad 
inbnrval within ths well. 

2 . TJifr pirixiiiaK of claim ] in which, to the extent- meguirM to 
5 kflOp tlw ntH iit *.4dc}i heat is trsnsnitUKl t»ircix{h the Oil SbaTe 

deposit fvfcutantially uniioEU alcny tbu mies of ttia heated intexval 
ot ths heatr-injecting v£ll, tbc tEmrjaxatusa at wbicb at 
loout one hent-lnjectijtg wall is hcatad is relati\>ely ialghex At 
dapthv adjacmt to pcoctijKia of Lh? oU. slale £tep03it in vhldl ti^e 
10 boat OonductivitiBS ore relatively Icmbt, 

3. 'Stc pococess of claim 1 in which tba rata of iaaitirg tba 
intarinr of at least ono heat-iniecting wsll Is veorlcdl to an estcnt 
crnxBir/i «n effective In'elUnij^ off of die tJ«UUl front ix> Khat bhs 
rata at ^aAtxiat tfaztxRjti the oil shala oi tha thstnaL Croivt in 

(5 ocacixood at jajbstaotlally th» em& ra.t& While the £at& o£ Increase 
at tiaa usipjaratMrv vit^n ttas boDdiolo is si^tificgintay xo^noeet. 

4. Ah process of dain 1 in vbleb th* tiest-jnjestin? an^ 
fluidi^Toducing vcells aia arran^ad in a aariea o£ con tlgu a ua 
pattems in idiidi each illixLd-produciner vhU is siuzojodad by at 

20 least ftur baat-injecfdog wells. 

3« The pncKBB of claim 4 in whi<^ esK^ flulfh^xuSucing vteli is 
sQxrmuodad b^' tMslve heab-iii jesting wellH.. 
6« 11m parooess of claim L in ubicb tba oil libalc axaOo is at 
least about ZD qallons par ten and the ^lacie-thicgmeas {xoduct ia' 

23 at leaat about 4500. 

7 . Ova proocss o£ claixn L , couprisias the eto^ o£ 

in each heat-in jectuv? wal) r autx^itantxaUy Uaroogtout the 
tzBstment interval^ sealing tbe faoo of tha oil ebala tonmtlcm 
vi-Oi a Bolid fflataHnl utiioti is xalatxvaly heat-fioodnetiva and 

30 sidJStaBrtl&lly fluid lsE»ncBabla; 

in at loast cna heafr-injectisci «f8ll inereaaing ths effecdw 
diameter of the bocehole in at least one pcaction of ths tzaatment 
intaxval and axtHoding at least aaa beat-'ODDdDstivB iiartal aleenent 
trcn vithln the ixOt^ciac of tho boretaola to Uta &oa of the 

33 so-cailascfcd portico of tba borohole;, and 

in oacft IluixHarodicing wall, subafca.ntially ttowigiicut Vtm 
tmtnent interval/ establij^dn? flcdd omnunicaticn toatniBan the 
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well bor« iova Uie oil Coomatloa and axrangiinr] Che ueU Cor 
pmriiicinc) fJxuc^ froon ihe oil sluile frasn&tioD. 

B . the piocen of claim 7 in Khich tte nHtaiiai saalinq thif fats 
of th& oil shiila fornatioti olonq ths boratjolti of a tsiit-inj««2bixig 
3 well is a oesrenyt arraagcd to fill suintaatlally all of tlic space 
betwnn the outaiUD&t xiotallicr t»La(iKintft vdtliiij tho interior of tiic 
horehDie and tJ« «!acs> of th» oil shauTe fcjncniauiCTi/ «ich saW csanapnt 
having a thuiTOl omducti.vUy at JosB* fsatmtnntiallj' aa hicjh as 
that of titt oil (d^alft foonatiiid. 

(0 9. Ths process of olRin I in uW-tSi at I©!Wt ore well Ircatea ia»r 
an edga of a pattern o£ heat-injectlug arxJ fluia-taoiaKn.ng vrUh is 
^fa(£rjd!^ BUbiituntiolly tiiiojqhcMt tba trwrtxiant intar\>al and hesxta^ 
stt a tciirperatxuKt urocgh to cnutti a i±iBiinal m>^naiirg -and/or 
conprcsslvc sticsslng of thQ-adjaosnt oartii faxtnBtioDB but Ion 

15 enough to avoid aignificBDt theznal lubtnJLiTation of or^nuc 
CQQ|xziBnts of tbtt oil afaaiia. 

10. Tlhc proooss of claim 9 in uhlcfa at IcMst ana so heated ucll is 
fiubsequmtly baa-ted at. tHaciJt the tcopaxature selected for i±e 
IieaUng of liho Iraat'-injectixig wells being enployed. 
20 11. ISie pcooeaa of claim 1 in MhiA ihn mil tacmbslas of aaid 
haat-in jcutioa and fliaid pEtsduoing tiulla axa aeporatjed by 
substantially equal dlstanoes of ttout 9 to 30 d. 
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ccMD t Xin. vm y HsnRne a sobibbrnibmi caSt sam^ to 

CKSKIB PBQHBABIlXn MID "fJW'KH'""'*^ PfCDUCB OIli 



Sbile oil i£ eubssqusatly pEoAioEtd Ixaa a flvbtecranoiaa 
intezv&l of oil dialB, «diaie tlie intszval is initially 
suibstantlolly in^^sraesbiXts and oontaijw a qwcitiea g»de and. 
thlctaess of oil .^ala. Said uiter%'al in condnctivety heated froa 
ba£ieh{}l« jntaeriora Hblcb ara kept hottar lieaa aboot €00 and are 
bcabod at a rate sod.! tbat fcerogsn syrolysls prodccts fcormeA wltkiin 
the odLl 6tnJ« ciaate and fliv tfarojgli faorlEODtai Craetuiaa Whidt 
auba«|itantly beoeua eixt«ndsd lxu» fluld*^n&iclAg uolls that are 
positvloned in spacifiad locatijsna. 



